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Analysis of Low Temperature-oxidation Mechanism for Coal by Using High Resolution Solid State
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Abstract

The spontaneous combustion property of low rank coal, an important issue in coal science,
has been studied extensively. However, there are few studies discussing the quantitative chemical
structural changes of coal during its oxidization under 80°C. In the present study, low rank coals
of X and Y were oxidized in an adiabatic vessel where their temperature was increased due to
spontaneous heating. Generated gases of H,0, CO,, and CO were analyzed by gas chromatography
during the oxidization. As a result, coal Y, which was more easily oxidized than coal X, showed
a higher generation rate of CO, and CO gas than coal X. Some of the H,O generated during the
oxidation must have remained in coal as adsorbed water since the amount of water in the oxidized
coal was higher than that before oxidation. *C MAS NMR spectra of coal X and Y indicated that
the chemical reaction producing carboxyl acid in coal Y is more activated than that in coal X.
Furthermore, the number of aromatic carbons was reduced during the oxidization. This implied
that aromatic carbon might contribute to the oxidization reaction. Coal Y before oxidation had a
smaller number of aromatic carbons per one cluster than coal X, while the structural parameters
of aliphatic carbons in coal X and Y were almost the same. It is considered that the smaller num-
ber of aromatic carbons destabilize carbon radicals more to generate “active” species. Such active
carbon radicals are suggested to also react with oxygen in the atmosphere.
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Schematic explanation of the R70 apparatus for coal
oxidation evaluation

£1 AxX ARX LY, R70 THREIN/-BIEED
Ak X, Ak Y DIEMES LU THRH/E (d.b.;
dry base)

Proximate and ultimate analysis (d.b.; dry base) of original

coal X, original coal Y, oxidized coal X, and oxidized coal

Y treated at various temperatures using the R70 apparatus.

Proximate analysis Ultimate analysis

Coal (d.b. mass%) (d.b. mass%)
Water | Ash | V.M. C H Odir
Original 8.1 62 | 41.6 | 69.0 | 48 | 159
Dry 13 56 | 421 | 70.6 | 4.6 16.1

Oxidized at 60°C | 2.6 55 | 423 | 719 | 46 | 159

X Oxidized at 70°C | 2.3 57 | 416 | 712 | 45 | 156
Oxidized at 80°C | 4.6 45 | 499 | 722 | 46 | 164
Oxidized at 100°C | 2.8 57 | 420 | 700 | 48 | 162
Original 199 | 2.0 | 497 | 69.0 | 46 | 215

Dry 0.9 22 | 477 | 689 | 45 | 220

v Oxidized at 60°C | 2.9 1.9 | 471 | 692 | 47 | 21.6

Oxidized at 70°C | 3.4 19 | 474 ) 696 | 45 | 216
Oxidized at 80°C | 4.0 | 23 | 48.6 | 68.0 | 45 | 224
Oxidized at 100°C | 2.7 1.9 | 480 | 68.1 | 49 | 220

V.M.: Volatile mater, Odir: Oxygen concentration directly measured
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Y during oxidization
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5, F10@)MIZRT TV T FEEZRHLTHVRF S
WEEDSER T DAL L D EIT L2 EZ 65, —
T, REIREE LT EGEKE, BLY, BRKED)
LEXAF VL BID, HHEBERED) LAKIEIEE L
RFED L IIFHFBRANTORFEIL, 80T £ TOHKRFEE
(&A1) 12 &> TENEN, 0.69mmol/g-coal i (A=—12
%), 0.79mmol/g-coal % (A=—1.4%), 1.2mmol/g-coal &
B (A==21%ZHH) L7zZ DG hotze 2DEIIZ,
Y O BC MAS NMR AX7 M VIZBWT, KEI RS
L 7- Bk S T D HHI D AR MOVEREEASA L
72ERHE, AR X FERE, 7V ANVERICKHL EZ 2 H5h,
=T, REIREG LI ERIKE, BLY, BEKZED
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ABAFLYIEDOBANL, FSTYINDOEEWTEEBT DL,
SUNNVERZTTRL, INEDORFEDONEIZEREEE
FEHAR L7 HREMEDS D % o

T/, HARRBEBRHZOAK X BLOY O H MAS
NMR A7 MVER 11 (@)D BLD (b) VIR T LS
X% 'H MAS NMR A7 VOS2 (LIS BIH & hu e
moize E7z, 48ppm MFTIZEII SN AT O BEEKE
KDY T FNIE, WITNOREBICBWTHEII SN %
Motz FIDITRTHEABOTCREGIEL L O T3S
fitizrs, 80T £ TOMILTIE, IR EFIZHE > TKG A
MU7zZ e 0 otze U, BRALBUSIZRED #7277k
DR, b L <IE, BB BRI K A DK & W AE
L7z Bt E 2 5N b 72721, 100C TOK5E 80T
WCHARTITLTBY, Zud, AL 72—k 057%
FELTCEbONATREEZRIEBL TWh, WTIIZLTY,
Fie X BEDY OBERFEZIZIE2.0~4.6%B LT 29~
40% DK EHTENTWDLIZH 22 b 5T, 'HMAS
NMR A7 MU TIREBKHFRO Y — 7 13 RBHEITH -
Too BEo T, HERFSECTH U7k, ARFRIE &AM
L&D hlf s Twak EK) & LTHEELT
WebkEZOND, TOIENS, HAGHTHREB SN
LMD KLDANG, A RIS L 72K DS 5 2 LD
N7z,

DL EOFENTHE R ED S SN, Felii O BIRFEEL
FEREIZIX 107 1R TH Ao Ak X TOBRLRISIE
TNT e FEAKI RN TH 72D L, fikY Tlk
EHIHEFTL, 10 @)D IR T VR F IOV IEAE AL
B 272 b ZE 2 BNDe BALSIGIZE > TERT 57
WARFINVERT VT FEEZBRHL AR T LI LEFE
2hE, LIV REFVVELEFRED FOT VTR
HEPHERLTBY, ZO0OEILFEELIEEZ LD,
PEo T, WEERIRRED B X & Y O BHIRIEHHERE 0 3 70
WO—DIL, BALSUSIC X o TER LT VT FIEDORR
LS (OSOEED L ITHE) 1I2H 52 D55 h o
720
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free water (H,0)
4.8 ppm

Original —J/\

T T
10 0

free water (H,0)
4.8 ppm

Iy
_//V
__"//\/
60°C J

iy _//\/
Original J

100°C

80°C

70°C

g

(a) - (b) e
H NMR chemical shift / ppm H NMR chemical shift / ppm
K11 AxRXBELLY D 'HMAS NMR X7 ML
"H MAS NMR spectra of (a) coal X and (b) coal Y
3 AxXBLVAKY OFHEHFEE/NT A -4
Average of chemical structural parameters for coal X and coal Y
Coal Number of Side chain Number of Bridged chain Ratio of Ratio of
0a
aromatic carbons length* side chains length** aldehyde and ketone carbon carboxylic carbon
X 11.5 2.8 1.2 33 2.2 4.5
Y 8.0 29 1.0 2.3 35 7.7

*Side chain length: The number of an aliphatic side chain carbon, **Bridged chain length: The number of an aliphatic bridging chain carbon

3.4 Bk DOIEEHEN

ik OBKRIBALISIE, Ak L iEREDILEUETH S,
o T, MALEIOH RO FHEEDS HRFERIEICRECHF
592LE20N5, 22T, BRALHTOH kD5 THE &7
WaEHATZ AR X BIUY OFIG 4L 0 F S 2 R
T 572502, 'H MAS NMR A-%Z Fb, BC MAS NMR A
N7 MVBXOICESHEDP S, BEH2 ([ZHEVER 31D 12
AT HEEROFBEESVRIRIRMEE - KRR 0%
TREE T A—=F B LT 72, INHD/RT A=
il TSSOV ERESE L, B127 1R LT,
FOREE, Gtk BRALEUG & OBARAEE ST & 728
RAEHIZBE T AR5 /89 X = 2B L T, P72 s
EBIOHISAKLEDIZ, AKX EAKY TRERER
I o7,

Z 2T, BEMiiERFEDAN O 55 FHEE D= FHH IR B
IZBG-T 2 REME A E 2 C, Mt airo7c. ZOME, A
KX DFEHRRFLILNSHTHY), FHEBRE 23RS T
HHOIHL, ARY OFEBHERFZL 8 HTHEER 12
BOTHhY, AR Y ITARX X0 EEN R BRI 1
NS LD h oz FEREDVNS VI EIGLE
ERIRIIME T L7 DA IVIEALEIC Y, SUSHELE L
52, COFEEWIFET VANPGRS L EE ST
BE06 (110 (b)) 25 & 2546, HREBAVNS WK
Y DHBZORIBEDEIT LR T b EEZ NS>
T, ARY T, ERMBIITECGFRREZENIEGT

Coal Y

12 AR XBLURRKY OFEHFigaE
Estimated average chemical structure of coal X and Y

BIRALIUSHS IV S22 bND, 72721, B
WIRFET T HIVHBRIS LIAERE LT, TUT e FER)
WARFIIVED L) IR EREIEDER L 720 % A
THY), ZOBEFBRRET T HIVIREINEES L%E
IOV TIE, SRIBEIPULETH 5,

4. #&

FIROBERSEE) A7 % EHT 5 FTEEZ OCLTT
DOERAL USRI ¢, “HEOGRAR X B X
Y #HWWT, R70 3RS L 2 FIRZSEHEE, IS4 H 20
ERESN, EHICERILRDER NMR 12 X 5 baahg AT
FEML72. TOMBE, FREEICEL T, AR Y A
e X LVPHFICRE L, EHIZMAHE D 60CHEDS
SICIRE LR T LG h o7,

T72, BEAAGH LY, ERIHIZBNTCo, BIY

il
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COFSEREE, ARX LNVARY DHHBREVLDOD,
M SR CILE 9 2 LS EREIXIZZRSETHL 2 L
Woirotze F72, BALROILFESAHER LY, Ak X &
DT Y ~NOWEKDBED LN EDRIESI, 'H MAS
NMR 53477 5 b AE KRB TR G TH D 2 LD HF SNz,

E 512, BC MAS NMR % 7z e R T 0 5, 1l
AROBALIZE > TT VT FEBIUH IVEREF I LS
L, BICAERY TRT7 VT FEPS I VRF IV
ORISR S NS Z EHAIRBE N, F72, HERHN
REFRRY, FEERFEVSBACSUMZ A5 L 72 sk 2s
BrizloRsNn Tz,

AT O F Ik X B & O IR Y O35 TR E AT O
B EREVIIHFERBICH 220, FEERES
THNVOEERICERZEL, INTHREREOENE
b5 LR B 5o KB, AROETFAYE VLG
(ESR) 12X, ARIZEL DT I HVDPHAET ST L%,
TR L OIS L > TI VA NDOBEDPELT DS
W 5TV, S ESRERETHLROT Y HVEE - =
ZHLNICTHIEIZLY, AROIRBRLIUS 2 £ 1 &
MCHBHTEEE 2N 5,
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